Abstract: A small rhacophorid frog from southern Vietnam is placed in the genus Kurixalus through molecular phylogenetic analysis. Because it is divergent genetically and morphologically from all known congeners, we describe it as a distinct species, K. viridescens. The species di ers from the other congeners by an immaculate green dorsum, which is usually maculated gray to brown in the other species. With the addition of this new species, Vietnam now encompasses seven species of Kurixalus, and can be regarded as the center of speciation of this genus.
I
A rhacophorid frog genus Kurixalus Ye, Fei, and Dubois In Fei, 1999 occurs in Asia from the Ryukyus of Japan, Taiwan, the Philippines, Borneo, Sumatra, the Malay Peninsula, Thailand, Laos, Cambodia, Vietnam, southern China, Myanmar, and eastern India. Kurixalus was originally established as a monotypic genus containing only Japanese and Taiwanese species Chirixalus ei ngeri (Boettger, 1895) , but subsequent molecular studies have resulted in the placement in this genus of many small rhacophorids whose generic status was ambiguous.
At present, about 10 species are assigned to the genus Kurixalus (Yu et al., 2013) , but there still remain several unnamed species from little-explored regions. During our expedition to the Central Highlands of southern Vietnam (Fig. 1) , we collected several specimens of small rhacophorids that later proved to be a member of the genus Kurixalus by the molecular phylogenetic analysis. Because the specimens are not only genetically distinct, but also morphologically easily distinguishable from all the other congeners by their unique immaculate green dorsum, we herein describe them as a new species.
M M
In order to assign the generic position of the rhacophorid specimens from southern Vietnam, we compared partial sequence of 16S rRNA (ca. 1300 bp) of representing rhacophorid genera, Chiromantis, Feihyla, Gracixalus, Kurixalus, Liuixalus, Nyctixalus, Philautus, Polypedates, Rhacophorus, Raorchestes, Theloderma , and an outgroup Buergeria (Table 1) . Methods for DNA of the mtDNA fragments are the same as those reported by Kuraishi et al. (2013) . The resultant new sequences were deposited in GenBank (Accession numbers AB933284-933309; Table 1 ). The alignment matrices with 1316 sites for 16S rRNA were subjected to estimate phylogenetic relationships using maximum likelihood (ML) and Bayesian inference (BI). Pairwise comparisons of uncorrected sequence divergences (p-distance) were also calculated. Details for these procedures are given in Kuraishi et al. (2013) . For morphometric comparisons, we took the following 21 body measurements to the nearest 0.1 mm with dial calipers, following Matsui (1984) and Matsui (1994) : (1) snoutvent length (SVL); (2) head length (HL); (3) head width (HW); (4) internarial distance (IND); (5) interorbital distance (IOD); (6) upper eyelid width (UEW); (7) nostril-eyelid length (N-EL); (8) snout length (SL); (9) eye length (EL); (10) eye diameter (ED), diameter of the exposed portion of the eyeball; (11) tympanum diameter (TD); (12) tympanumeye length (T-EL); (13) forelimb length (FLL); (14) lower arm and hand length (LAL); (15) tubercle length (IPTL); (17) hindlimb length (HLL); (18) tibia length (TL); (19) foot length (FL); (20) inner metatarsal tubercle length taken to the nearest 0.01 mm using a binocular dissecting microscope equipped with a toe disk diameter (1-5TDW). We followed the system of description of toe-webbing states used by Savage (1975) . Specimens examined are stored in the Vietnam National Museum of Nature, Hanoi (VNMN), the Natural History Museum, London (BM), the Muséum National d'Histoire Naturelle, Paris (MNHNP), and the Graduate School of Human and Environmental Studies, Kyoto University (KUHE).
S
We obtained 1316 bp of 16S rRNA fragments of mtDNA gene for 40 samples, including outgroup (Fig. 2) . Of 1316 nucleotide sites, 715 were variable, and 500 were parsimoniously informative within ingroup species. The best substitution model was J2+G with gamma shape parameter (G) of 0.280 for ML and GTR+G of 0.306 for BI. The likelihood The specimens of rhacophorid species from southern Vietnam examined here showed some variations from each other (uncorrected p-distance of 0.4-5.4%), but formed a fully-F . 2. ML tree from a 1316 bp sequence of mitochondrial 16S rRNA gene for a rhacophorid sp. from southern Vietnam and representative rhacophorid members. *: ML inferences (ML-BS) between 70% and 95%, and supported clade to be regarded as a species. The clade of this species is a sister clade to K. banaensis (Bourret, 1939) , and the species Kurixalus. Although relationships within the genus were not fully resolved (Fig. 2) 
Diagnosis
The new species is assigned to the genus Kurixalus only by molecular phylogenetic evidence, but has the characteristics common to the genus: intercalary cartilage present between terminal and penultimate phalanges of digits; tips of digits expanded into large discs bearing circummarginal grooves; snout fringes on forearm and tarsus present. Kurixalus viridescens can be distinguished from all other species of Kurixalus by the following combination of characteristics: female SVL 28.7-36.6 mm; snout tip pointed but not forming a corn; no dermal ridge around cloaca; vomerine teeth absent; solid green dorsum without any dark spots or markings; a lemon-yellowish venter without markings.
Description of holotype
SVL 36.3 mm; body robust; head (HL 13.4, 36.9%SVL) slightly shorter than wide (HW 13.8, 38.0%SVL); snout (SL 5.2, 14.3%SVL) subequal to eye (EL 5.3, 14.6%SVL) , dorsally pointed at tip (Fig. 4) (Fig. 5A) ; fringe -cles distinct, rounded, formula 1, 1, 2, 2; no supernumerary tubercles on metacarpal; prepollex not prominent, oval; distinct inner (IPTL 1.7, 4.7%SVL) and two indistinct outer palmar tubercles.
Hindlimb long (HLL 56.8, 156 .5%SVL), about 2.4 times length of forelimb; tibia not long (TL 18.1, 49.9%SVL), heels overlapping when limbs are held at right angles to body; tibiotarsal articulation of adpressed limb reaching middle of eye; foot (FL 16.2, 44.6%SVL) shorter than tibia; relative length into round disks with distinct circummarginal 2.1, 5.7%SVL; 5TDW 2.1, 5.7%SVL); webs between toes moderately developed, formula I 2-2¾ II 1½-2¾ III 1½-3 IV 2½-1¾ V (Fig. 5B) ; two outer metatarsals separated with webbing; subarticular tubercles partially distinct, rounded, formula 1, 1, 2, 3, 2; supernumerary tubercles absent; a small, oval inner metatarsal tubercle, length (IMTL 1.8, (1TOEL 3.7, 10.2%SVL), but no outer metatarsal tubercle.
Dorsum nearly smooth, with few sparsely distributed small tubercles; skin free of skull; a distinct, oblique supratympanic fold from eye above tympanum, ending at above arm inser- tion; skin of sides and abdomen areolate; weak ridge of skin on outer edge of forearm forming weak serration; hindlimb smooth, except for coarsely granular ventral side of thigh, weak serration along tarsus, and asperities on base of tarsus; no dermal appendage at vent.
Color
In preservative, dorsal color of body slate toes; serrations at lateral margins of forearm and tarsus light cream; groin to anterior surface of thigh cream; ventrally pinkish cream without marking; distal half of postepale brown; ventral sides of hand and foot sparsely dotted with dark brown; webbing toes. Color in life, based on a color transparency (Fig. 3) , head and body dorsally light green without markings, fading to lemon yellow on sides to ventrum; limbs dorsally with very faint dark crossbars; iris gold with some black reticulations.
Variation
Morphometric data are summarized in Table 2 . Because the holotype and paratypes of the new species are all female, sexual dimorphism could not be determined. The paratypes are similar to the holotype in the body proportion except for the following: SVL varies from 28.7-36.6 mm, with the mean of 32.8±2.8 mm. Relative sizes of characters on the head are larger in the paratypes. A few individuals have IOD smaller than UEW, and SL larger than EL. Some individuals have supratympanic fold on its posterior half. The tibiotarsal articulation reaches the center of the eye, except for one specimen, in which the joint reaches the anterior end of the eye. Some individuals have conical dermal appendage at the heel (Fig. 3) , which is lacking in the holotype. One specimen has trace of dark brown markings on interorbital, sacrum, and tibial regions. All the other specimens are nearly uniform in coloration and pattern.
Comparisons
By its unique green and immaculate, and nearly smooth dorsum, K. viridescens sp. nov. can be easily distinguished from all the other congeners that have dorsum basically brown in color with darker spots, and covered by tubercles. In addition, the new species is differentiated from the other congeners in the follwing way.
From (Annandale, 1912) by smaller body size, skin structure, poorly developed toe webbing, and ventral color (SVL 43 mm, snout with a cone, upper arm and tarsus fringed, toe webbing welldeveloped, and chin and brest marked with dark reticulation in K. naso). From K. odontotarsus (Ye and Fei, 1993) , the new species structure and ventral color (female SVL 43 mm, snout pointed and ventrum with dark markings in K. odontotarsus). The new species is similar to K. verrucosus (Boulenger, 1893) in body size and absence of vomerine ventral color (females 30-36 mm, dark ventral spots, especially on throat, and several whitish tubercles below cloaca present, and toe webbing much better developed in K. verrucosus).
Range
Known only from the type locality, Hon Ba Nature Reserve, Khanh Hoa Province, and Bidoup Nui Ba National Park, Lam Dong Province, southern Vietnam. At present, the species is known only from near the peak (>1500 m) of mountains and is likely to be restricted to high-elevation forests.
Natural history
The type locality in the Hon Ba Nature Reserve is in the montane evergreen forest dominated by species of the Fagaceae, Theaceae, and Lauraceae. The holotype was collected on leaf of a shrub approximately 1 m above ground, away from ponds or streams. No tadpoles or eggs were found in ponds and calling males were absent from November to late December, but a paratype had large ovarian eggs about 3.8 mm in diameter and cream in color. Otherwise, no information for breeding is available. Associated species observed near the type locality (altitudes 1494-1557 m asl) were Ingerophrynus galeatus (Günther, 1864) , Theloderma truongsonense (Orlov and Ho, 2005) , Rhacophorus calcaneus Smith, 1924 , Rh. vampyrus Rowley, Le, Thi, Stuart, and Hoang, 2010 , Polypedates megacephalus Hallowell, 1861 , and Hylarana nigrovittata (Blyth, 1856 . Besides, Raorchestes gryllus (Smith, 1924) and Microhyla butleri Boulenger, 1900 were found at lower elevations (1350-1363 m asl).
D Unfortunately, no reliable morphological synapomorphies have been established to
Kurixalus until now and taxonomic assignment is made solely on molecular bases (Yu et al., 2013) . The new species, with monotonous green dorsum and without distinct dark patterns, is unusual in as some species of Rhacophorus. Because presence of many frogs, including rhacophorids, was noticed by the calls of males, it is strange that all specimens of the new species are females and no male specimens have so far been collected. However, since no remarkable sexual dimorphism has been reported in species of Kurixalus, the characteristics described on the basis of females would hold for males.
Due to limited data available at present, phylogenetic relationships with the genus Kurixalus and the other rhacophorid genera were poorly resolved in the tree constructed. However, this preliminary result suggested some interesting phylogenetic problems within the genus Kurixalus. Remote relationships of K. appendiculatus, K. ei ngeri, and K. idiootocus from the other species, suggested by Yu et al. (2013) , were supported in our tree, the remaining species, which Yu et al. (2013) could not resolve. Two large clades were recognized in this major clade, and one of these is composed of K. banaensis and the new species. In this clade, the sequence of K. banaensis from Bi Doup (Bidoup Nui Ba) National Park (KC465795: Li et al. [2013] ) new species. The genetic distances between this sequence and those of K. viridescens (1.8-5.2%) were within the range of K. viridescens (0.4-5.4%), and the fact that two specimens of K. viridescens were collected in Bidoup, one of two known localities of the new species, strongly indicates their conspe--matic K. ananjevae and K. naso are badly needed to understand more concrete relationships with the genus.
Vietnam encompasses the largest number of Kurixalus species, and six species (K. ananjevae, K. appendiculatus, K. baliogaster, K. banaensis, K. odontotarsus, and K. verrucosus) have been recorded from the country (Orlov et al., 2008 : under various generic names). Of these, K. appendiculatus has been recorded outside Vietnam from a very wide range including the Philippines, Borneo, Sumatra, the Malay, Thailand, Myanmar, northern India, and Cambodia. From the pattern of its distribution, it is probable that the records from Vietnam, as well as Cambodia, K. bisacculus, sequence of which is very similar to Thai samples of the species (p-distances of 2.1-2.8%). We suspect the previous record of K. appendiculatus in Vietnam may be K. bisacculus. Some of other Vietnamese species also occur in neighboring Laos (K. baliogaster, K. bisacculus, and K. odontotarsus), and China (K. bisacculus, K. odontotarsus, and K. verrucosus) , as well as in Thailand (K. bisacculus and K. verrucosus) and Myanmar (K. verrucosus), and only three species (K. naso from northern India, Myanmar, and southern China; K. ei ngeri from Ryukyu Is. of Japan and Taiwan; and K. idiootocus from Taiwan) are absent from the country. Thus, Vietnam can be regarded as the center of speciation of the genus Kurixalus, and the present addition of a new species, K. viridescens, further strengthens such an idea. 
